Based on the present simultaneous hydrometeorological data and the analysis of the actual materials obtained by our studies, we can suppose the fact of the occurrence of powerful underground floodings in the hydrodynamic system of the Tskaltubo Cave. The simultaneous records of the water levels (discharges) of the underground rivers and atmospheric precipitation show that there are importantly clear peaks in the hydrographs, when the diurnal sums of precipitations reach or exceed 50 mm in all observation points (in all surface catchment basins defined by us). Though, a long-term observation revealed that only 50 mm of precipitation diurnal sum is not enough for the formation of strong underground flooding in the cave hydrodynamic system; a rainy period of several days should precede such kind of precipitation so that the soil was well saturated with water. Only under these conditions is expected a powerful flooding. As the analysis of the dangerous flooding formation mechanism showed, what is important is not the abundance of diurnal precipitation and their intensity, but the combination of factors such as: the total amount and duration of precipitation of the predecessor period, precipitation amount during the flooding maximum development days and the coverage rate of the cave system's surface water catchment area.
Introduction
In 1984 the karst-speleological expedition of the Vakhushti Bagrationi Institute of Geography of the Academy of Sciences of Georgian SSR discovered the previously unknown Tskaltubo karst Cave in the densely populated areas of the Kumistavi Village of Tskaltubo municipality [1] .
In subsequent years, the authors of this paper studied the Tskaltubo Cave System's karst-speleological [2] [3] [4] [5] , geomorphological-geological [6] [7] and hydrological-hydrogeological [8] [9] [10] [11] features, and the multi-annual hydrometeorological monitoring of the water catchment basin of the cave system was also carried out.
In May 2012, Tskaltubo (Prometheus) Cave was opened to tourists. In the first year of its opening, 80,700 visitors visited the cave; in the subsequent years, the number of visitors only from the European countries exceeded 60,000.
It is noteworthy that there were several cases observed in the study area, when the water from the underground suddenly broke into the main corridor of the Tskaltubo Cave and resulted in the disastrous consequences. In this connection, it was necessary to study the karst-speleology and hydrometeorology of its catchment basin and predict natural disasters-floods.
Research Goal and Methods
Tskaltubo Cave System and its water catchment basin's hydrodynamic system are characterized by a very important condition, which needs detailed study. In particular, there is a periodically debited Opicho Cave-estavela in the locked karst cave, with the main entrance of the Tskaltubo Cave in its one end. Wide neck directed towards the depth is 12 -15 meters higher than the main entrance of the Tskaltubo Cave, due to which the outburst water from Opicho Cave gets into the cave's main entrance passing through the bottom of the depression.
Each water stream formed within the depression rushes towards the main hall of the Tskaltubo Cave, because the main entrance is opened to the lowest point of the depression. Similar case has been recorded several times, when there was an outburst of approximately 30000 m 3 of water from the depths of the ground during the Opicho Cave activity period. The outburst water gets into the Tskaltubo Cave's main entrance passing through the bottom of the depression, accompanied sometimes with the disastrous results.
Therefore, the goal of our research was the study of the Tskaltubo (Prometheus) karst Cave System's catchment basin in terms of karst-speleology and to predict flooding-natural phenomena.
Regime observations were arranged on the karst surface and underground water streams during the expedition works. The regime and relationships between surface and underground waters of Tskaltubo Cave System were specified.
Based on the materials of multi-annual complete-cycle stationary observation the average monthly and annual charges of karst rivers were identified, as well as the relationships between the fallen atmospheric precipitations and river runoff. 
Description of the Research Object
Tskaltubo Cave System is 255 km away from Tbilisi, 16 km away from Kutaisi and 6 km away from the resort of Tskaltubo (Figure 1 ). Cave system is less possible.
One of the important objects of underground karst waters discharged within the research territory is the head of the Tskaltubo River. The Tskaltubo River, which takes its origin from the territory of the city, is mainly fed on karst waters.
The runoff measurements were made from the year of 1936 to 1940. Three full annual cycles (1936, 1938 and 1939) of observations are filled up; mean annual discharge is 1.72 m 3 /sec. (Table 1) according to the factual material.
The water catchment area before the water measuring checkpoint is indicated as 25 km The study of the large-scale topographic maps revealed that the surface water catchment area was 49.1 km 2 . To identify the basin all the negative forms of the Open Journal of Geology relief were considered, which may have been regarded as the surface water absorption center. Despite the lack of the observation materials on the runoffs of the Tskaltubo and Gubistskali Rivers, we can say that the mean discharges of the Tskaltubo River (which, as it was noted above, include the three years of a full cycle stationary observations) indicate the stability of the runoff's intra-annual distribution. According to the regime observation materials, the variability of mean monthly discharges is quite low and makes only 30.6% of the annual amount. Most of the part of the runoff is observed in winter-29.2% and in spring-29.2%, while in summer, in the driest period, it is equal to 16.1%.
The first measurements of discharges on the other main discharge objects (outlets of the Kumi and Ghliana Rivers) of the underground karst waters in the vicinity of the Tskaltubo Cave System were carried out on 15 July 1984. On that day the total discharge of the Kumi outlets was 0.532 m 3 /sec., while the water temperature was 14.5˚C. Outburst streams from the debiting karst sinkholes and disharge siphon center are gathered in the water gauge section. On the same day the Ghliana River's underground water discharge was 0.074 m 3 /sec. and the temperature-13.8˚C at the place of the outlet on the surface. 
Results and Discussion
Practice has demonstrated that it is necessary to conduct the direct observations on specific object within the actual water catchment basin. Otherwise, it is impossible to analyze the precipitation related floodings, and moreover, the reliability of forecasting groundwater flooding is being reduced.
Based on the analysis, it is identified that the river runoff fluctuation and atmospheric precipitation rhythm seems to be fitted each other, which in this case is quite noteworthy, because the mentioned river flow is mainly formed at the expense of atmospheric precipitation.
Regime stationary observations were conducted on the hydrometeorological elements of the major centers of the underground karst water discharges and Table 2 ).
The water gauge checkpoint of Kumi River-Kvilishori Village was arranged 8.5 km away from the siphon discharge center at the end of Tskaltubo Cave.
Outburst streams from the debiting sinkholes were also gathered at the checkpoint. The water gauge checkpoint of Ghliana River-Kvilishori Village was arranged 10 meters away from the river outlet from the cave. Observations on water discharges were conducted by means of the hydrometric rotator ГР-55 (Table 3) at both checkpoints.
On basis of analysis of the existing simultaneous hydro-meteorological data we can express our preliminary views on the occurrence of a powerful underground floodings in the Tskaltubo Cave's hydrodynamic system. Simultaneous records of 1987 (Table 2 ) of the water discharges (Table 3) while at the lower checkpoint 3 -27.6 mm. On that day there was no precipitation at all in Tskaltubo. As a result, very low peaks were registered on the hydrographs of underground rivers.
As it turned out, the plentiful, but diurnal precipitations, which cover the entire catchment of the cave, is not enough for occurrence of the dangerous flooding. In August 10, 1987 , at all checkpoints were registered large amount of precipitation: checkpoint 1 -70 mm, checkpoint 2 -70.8 mm, checkpoint 3 -62.3 mm and Tskaltubo City-94.2 mm. But as a long dry period preceded these precipitations, they had unimportant impact on the levels of the underground rivers. During the August 10 the maximum discharge did not exceed 2.44 m Open Journal of Geology Similar works (observations) were carried out in order to study and specify the relationship of Tskaltubo Cave System's surface and ground water regimes in the following years as well (Table 4) , where there was approximately the same picture as in 1987.
Conclusions
Simultaneous records of the underground rivers' water levels (discharges) and atmospheric precipitation show that there are importantly clear peaks on the hydrographs, when the diurnal sums of precipitation reach or exceed 50 mm in every point of observation (in all surface water catchment basin identified by us). Long-term observation revealed that only 50 mm of precipitation diurnal sum is not enough for the formation of strong underground flooding in the cave hydrodynamic system; a rainy period of several days should precede such kind of rain so that the soil was well saturated with water. Only under these conditions is expected a powerful flooding.
Thus, according to the available regime material, the diurnal maximum of atmospheric precipitation may exceed 100 mm regime was, while the intensity of rainstorms may reach 4 mm/min. But as the analysis of the dangerous flooding formation mechanism shows, important is not the abundance of diurnal precipitation and their intensity, but a combination of factors such as: the total amount and duration of precipitation of the predecessor period, precipitation amount during the flooding maximum development days and the coverage rate of the cave system's surface water catchment area.
Tskaltubo Cave has now a lot of visitors and provision of their safety is a main issue. The real danger, which can happen to people in the cave, is a sudden flooding. Opicho phenomenon requires more basic study.
Tskaltubo Cave System's hydrometeorological monitoring requires proper attention and organization. We consider it necessary the creation of the permanent regime of hydro-meteorological network in the vicinity of cave system, which will provide the identification of diurnal levels, debits, solid deposition charges and chemical composition (including the CO 2 ) of the rivers (Kumi, Ghliana, Tskaltubo outlet, Semi, etc.).
